Objectives: Jaundice impairs cellular immunity, an important defence against the dissemination of cancer. Jaundice is a common mode of presentation in pancreatic head adenocarcinoma. The purpose of this study was to determine whether there is an association between preoperative jaundice and survival in patients who have undergone resection of such tumours.
Introduction
Adenocarcinoma of the head of the pancreas is an aggressive cancer with a poor prognosis. In 1886, Nicolas Senn, one of the fathers of pancreatic surgery, described the association of jaundice with cancer of the head of the pancreas in his book Surgery of the Pancreas. 1 He wrote: 'It is demonstrated that jaundice is an invariable symptom of primary scirrhus [referring to cancer] of the head of the pancreas, while it is uncommon when the disease affects the body or tail of the organ.' 1 Jaundice is still recognized as one of the most common presenting signs in patients with ductal adenocarcinoma of the pancreatic head, and occurs in approximately 75% of this population. 2 Jaundice has been shown to cause immunosuppression in animals and humans. [3] [4] [5] [6] It also reduces sinusoidal blood flow within the liver, which is associated with increased rolling and sticking of leukocytes. 7 As a result, jaundice may promote tumour growth or metastatic implantation in the liver. The purpose of this study was to determine whether there is an association between preoperative jaundice and longterm survival in patients who have undergone resection of such tumours.
Materials and methods
Patients and database All patients who underwent pancreaticoduodenectomy or total pancreatectomy for adenocarcinoma of the head of the pancreas during the period from 1 February 1995 to 28 February 2010 were selected from an institutional pancreaticoduodenectomy database. Since 2007, the database has been prospectively maintained. For the period prior to 2007, the database was populated from medical records. The database and studies derived from it are approved by the institutional review board. The database contains the variables listed in Table 1 . The presence of 'jaundice' simply means that the medical record stated that clinical jaundice was observed before referral to the surgical service or developed after referral but prior to surgery. In almost all patients, the former was true. Results for serum bilirubin were the highest values available. However, in many cases patients were stented prior to referral and bilirubin levels at the primary institution were not retrospectively retrievable. Therefore, the bilirubin levels available were not necessarily the highest recorded at the time a patient presented with jaundice. The cut-off values for laboratory tests and tumour sizes were selected prior to analysis and were not altered based on results.
Operative procedures
A Whipple procedure with antrectomy was the standard procedure performed. Pylorus-sparing pancreatoduodenectomy and total pancreatectomy were performed occasionally. Frozen sections of the pancreatic neck and bile duct margins were obtained routinely in the resected specimen. If the pancreatic neck margin was positive, additional pancreas was resected until a negative margin was obtained, or total pancreatectomy was performed. This was the main indication for total pancreatectomy.
Pathological analysis
Surgical specimens were inked in the operating room in the presence of a pathologist. Four coloured inks were used for the pancreatic neck margin, mesenteric vein margin, uncinate margin and posterior margin, respectively. When a venous resection was performed, the intimal surface of the vein was not inked (i.e. the intravascular surface of the vein was not considered to be a margin). All margins were microscopically evaluated and graded as R0 (microscopically negative) or R1 (microscopically positive at margin or tumour within 1 mm of the margin). Specimens were also evaluated by microscopy for lymphatic, venous and nerve invasion. Cancers that arose in an intraductal papillary mucinous neoplasm (IPMN) or a mucinous cystic neoplasm, or which were described as having mucinous features were not included in the analysis. This was true whether these pathologies were identified preoperatively by imaging and in the pathological specimen or in the pathological specimen only. In the latter, the pathologist recorded that the tumour had mucinous features or appeared to arise in an IPMN. 
Survival status
Survival status and date of death, if death had occurred, were determined from available medical records, institutional or otherwise, and in some patients by searching the Social Security Death Index (SSDI).
Statistical analysis
The primary outcome was overall survival (OS), which was defined as the time from surgery to the date of death from any cause. Survivors were censored at the date of last contact. Distributions of patient and clinical characteristics were compared between jaundiced and non-jaundiced patients using the chisquared test or t-test as appropriate. Survival curves were estimated using the Kaplan-Meier product-limit method. Univariate Cox proportional hazard models were fit to identify factors significantly related to OS. Variables with almost homogeneous status (i.e. one of two groups comprising <5% of the total sample) were omitted. For example, with reference to metastasis (M) stage, the M1 population represented <1% of the total number of patients and this variable was not entered. To assess whether jaundice was an independent predictor of survival, a multivariate Cox model was constructed via a backward selection procedure, using all variables that had attained a P-value of <0.30 in the univariate analyses. Initially, only those patients for whom complete datasets were available were included for analysis. Two-way interaction terms between jaundice and other factors in the multivariate Cox model were also assessed. As a sensitivity analysis, a multivariate Cox model was also constructed after the missing values were imputed using multivariate regression models. All analyses were two-sided and significance was set at a P-value of 0.05. Statistical analyses were performed using sas Version 9.2 (SAS Institute, Inc., Cary, NC, USA).
Results
A total of 412 patients underwent resection of a carcinoma of the head of the pancreas during the study period. The median number of patients undergoing resection per year was 31 (range: (Table 2 ) showed OS to be significantly related (P < 0.05) to 10 different variables. Three variables including jaundice were not significant at the P < 0.05 level, but did achieve a P-value of <0.30. Therefore, these 13 variables were included in a backward selection procedure for multivariate analysis to identify independent predictors of OS. The exclusion of patients for whom datasets were incomplete (Table 1 ) left data for 319 (77%) patients available for multivariate analysis.
The results are shown in Table 3 . Significant predictors were jaundice, node status, histological grade, lymphatic invasion and age. The multivariate analysis showed the interaction between jaundice and N-stage to be the only significant two-way interaction. The influence of jaundice in N0 patients was found to differ from that in N1 patients. In N0 patients, those with jaundice had a much worse prognosis than those without jaundice [hazard ratio (HR) = 3.01; P = 0.01] (Table 3 ). However, no significant relationship between the presence or absence of jaundice and survival emerged in the group of N1 patients. The survival curves for the four groups of patients categorized according to node status and the presence or absence of jaundice (N0J0, N1J0, N0J1 and N1J1) are shown in Fig. 2 . Note that 5-year OS in N0J0 patients was 66% [95% confidence interval (CI) 45-81%] and that this curve differed significantly from the other three curves. The analysis was repeated in all 412 patients with imputation of missing values; similar results were obtained ( Table 3) .
As jaundice was found to be a risk factor for OS, the effect on survival of preoperative stenting in jaundiced patients was analysed. Of the 333 patients who presented with jaundice, information regarding preoperative stenting was available in 296 (89%). Of these, 259 (88%) were stented and 37 (13%) were not. Survival probability was significantly greater in the stented group (HR = 0.59, 95% CI 0.41-0.85; P = 0.005) (Fig. 3) . The difference remained significant after adjusting for the other independent risk factors identified earlier (HR = 0.50, 95% CI 0.33-0.75; P = 0.001).
Discussion
This study examined the relationship between jaundice and survival in resected patients with adenocarcinoma of the head of the pancreas. The statistics for age, gender, comorbidities and pathological variables resemble those in prior large case series. [8] [9] [10] [11] [12] There are two major findings. Firstly, patients with adenocarcinoma of the head of the pancreas who presented without clinical jaundice and who underwent pancreatoduodenectomy had a better prognosis than patients who were jaundiced on presentation. However, this benefit accrued only to patients who did not have lymph node metastases. Secondly, patients who presented with jaundice and who were stented prior to surgery had a better prognosis than patients who were not stented; this advantage seems to be independent of other prognostic factors.
There is some evidence in prior studies that preoperative jaundice negatively affects outcomes in patients in whom pancreatic cancers are resected. Cleary et al. performed a multi-institution review of 117 patients with pancreatic adenocarcinoma, in 110 of whom disease was located in the head of the pancreas. 9 Preoperative jaundice was identified as a significant negative risk factor on univariate analysis. However, this did not hold true on multivariate analysis, in which only tumour stage, grade and degree of differentiation were independently associated with survival. 9 A study from the Cleveland Clinic reviewed 179 consecutive pancreatoduodenectomies for pancreatic adenocarcinoma. 2 This investigation found that an elevated bilirubin level was a significant negative predictor of OS on univariate analysis. Nevertheless, upon multivariate analysis serum bilirubin concentration was not independently prognostic. Instead, elevated liver function tests [defined in the Cleveland Clinic study 2 as elevated alkaline phosphatase and/or bilirubin and/or aspartate transaminase (AST)] were significantly associated with decreased survival. A recent study of 164 patients from Korea with resected pancreatic adenocarcinoma, the majority of whom underwent pancreatoduodenectomy, revealed that preoperative bilirubin of <7 mg/dl was associated with improved survival upon multivariate analysis. 13 Jaundice was defined in the current study by the documentation of clinical jaundice prior to surgery rather than by serum bilirubin level because of the retrospective nature of the study and thus the availability of results. Although all patients with a bilirubin level of >7 mg/dl would be expected to display jaundice, some of those with levels of <7 mg/dl would also exhibit jaundice as defined in this study. A 20-year, single-institution experience with pancreatoduodenectomy for periampullary pathologies at Indiana University Hospital also investigated the prognostic role of jaundice. 14 Upon multivariate analysis, hyperbilirubinaemia was predictive of longterm survival in the subset of patients with periampullary cancer. 14 The study did not focus solely on patients with pancreatic adenocarcinoma, although these patients represented the majority of those in the periampullary cancer group. The current study differs from the prior investigations in that an important relationship between jaundice and nodal status was identified, whereby the survival benefit to be derived from the absence of jaundice was observed only in patients who were also free of nodal metastases. It is possible that the prior studies might have found a stronger correlation if that relationship had been known and accounted for. Two studies have examined the effect on OS of the relief of jaundice by stenting. 15, 16 Smith et al. investigated the impact of jaundice on patients with pancreatic adenocarcinoma undergoing preoperative biliary stenting, and demonstrated that persistent jaundice at the time of surgery, despite preoperative biliary drainage, was a significant negative predictor of early (6-12 months) but not overall survival. 15 The association between residual jaundice at the time of resection and early survival was independent of other prognostic factors. 15 This study and the present one were not prospective evaluations of the effect of relief of jaundice on survival. Both have relatively small groups of patients who were not stented, so the benefit of stenting on long term survival in this regard should be considered to be suggestive at this time. Eshuis et al. performed a randomized controlled trial of early surgery without relief of jaundice versus preoperative biliary drainage in patients with periampullary tumors. 16 About 60% of their patients had adenocarcinoma of the pancreas. Total serum bilirubin at randomization was a negative risk factor for survival in both univariate and multivariate analyses. 16 Median survival was 21.6 months in the stented group and 17.8 months in the early surgery group, but this difference did not reach statistical significance. 16 It is not possible to directly compare the findings of this previous study with those of the current study as only a proportion of the patients in the earlier study had adenocarcinoma of the pancreas. Although many other studies of perioperative parameters have compared outcomes in stented and non-stented patients, the present group were unable to find other studies reporting on longterm survival.
At least two mechanisms may account for a negative effect of jaundice on survival. Firstly, tumours that are cicatrizing, and thus more likely to occlude the bile duct, may be inherently more aggressive than those that are not. Because cystic tumours may be less cicatrizing and may have a better prognosis, such tumours were eliminated from the analysis. The second potential harmful mechanism refers to the possibility that jaundice has a negative effect on tumour defences or enables metastasis formation. Jaundice impairs cellular immunity [3] [4] [5] [6] and reduces liver blood flow, which is associated with increased rolling and sticking of leukocytes. 7 Obviously direct evaluation of the effect of jaundice on parameters that support tumour growth and implantation in this patient population is required.
There are several limitations to the current study. Firstly, patients treated during 2007-2010 were entered into a prospectively maintained database, but data for patients treated prior to 2007 were entered into the database retrospectively by chart review. Consequently, data on some variables were missing in a number of patients; these were excluded from the original multivariate analysis. However, the results did not change when all patients were studied using imputation of missing results. Because of the inherently difficult nature of investigating accurate overall disease-specific survival over a 15-year timeframe, the present authors elected to use OS as the primary endpoint. As in any study examining OS, outcome may be confounded by variables such as comorbidities and patient age, which may influence survival. As overall disease-specific survival was not evaluated, the relationship of age with OS is probably a reflection of the fact that older patients are more likely to die of unrelated diseases. Finally, it would be desirable to use a quantitative measure that accounted for both the level and duration of jaundice, but it was not possible to do so in a retrospective study of this duration.
In conclusion, the absence of jaundice is a highly favourable predictor of OS in N0 patients with resectable adenocarcinoma in the head of the pancreas. Recent investigations suggest that jaundice impairs antitumour immunity and promotes metastasis. Additional study of the factors that favour tumour dissemination in this patient subset is required.
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